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Introduction
The cooperative recognition of a cation and an anion has attracted interest in supramolecular science, 1, 2 as such ditopic systems may have utility in membrane cotransport, [3] [4] [5] [6] in metal ion extraction into lipophilic solvents at low pH [7] [8] [9] [10] and in salt solubilisation. The majority of published studies on ion-pair binding operate in nonaqueous media, often via relatively weak, directed hydrogen bond interactions.
Typically, the solvents are aprotic, e.g. chlorinated solvents, MeCN or DMSO, and solvate the anion weakly. [11] [12] [13] Given that the free energies of hydration of the common oxy-anions range from 300 to 400 kJmol -1 for singly charged species to well over 1000 kJmol -1 for di-anions, 14 the vast majority of reported systems do not have sufficient binding affinity to operate in aqueous media. Their scope for any application is restricted to interfacial transport or solvent extraction processes.
The ion-pair recognition event is commonly monitored by spectral titration methods, ranging from insensitive NMR analyses in solution 15 to absorbance and fluorescence signaling that allow much lower concentrations of the receptor to be addressed. 16, 17, 18 Here, we extend our studies on anion binding in water at 
Results and Discussion
The ligands L 1b and L 2 were made by the dialkyation of 1-N-methyl triazacyclononane or 1,4,7-triazacyclononane using two equivalents of a pyrdinyl mesylate chromophore sub-unit, (Scheme 1), using methods reported in recent work 19, 21, 23 . Following base hydrolysis of the phosphinate ester groups complexation with EuCl 3 was undertaken at pH 6 and each europium complex was purified by preparative reverse phase HPLC. stoichiometry. When the same experiment was repeated in the presence of a fixed concentration of ZnCl 2 (10 mM), followed by incremental addition of sodium acetate, identical changes in spectral form were observed (ESI), with a log K value of 2.71(±0.04). In each case, no significant change occurred in the corresponding absorption spectra (nor in the excitation spectra), as the strong internal charge transfer band (ICT) of the chromophore is not perturbed by the remote changes in Eu coordination environment. (Table 1) , for which binding affinities were typically higher.
Such behaviour is consistent with the mono-cationic character of the complex and the use of 50/50 aqueous methanol, in which preferential methanol solvation occurs. 
Summary and conclusions
The results of these luminescence experiments strongly indicate that modulation of europium emission lifetime and spectral form with added oxy-anions occurs only in the presence of zinc ions, beyond a threshold concentration. No changes were observed in absorption or excitation spectra, highlighting the utility of examining Eu emission changes, due to its exquisite sensitivity to small changes in the coordination environment, as the local ligand field is perturbed.
14, 25 The spectral response change was most evident with added citrate, when the concentration of zinc was >0.5 mM. Under these conditions, citrate was most strongly bound by over an order of magnitude from lactate, acetate and bicarbonate. Such behaviour allowed its presence and concentration to be selective signalled in a mixed salt solution that simulates an extracellular ionic medium.
The europium complex forms a 1:1 complex with zinc, in which the divalent metal ion is bound to the iminodiacetate moiety. The absence of the negatively charged free carboxylate groups then permits anion binding to the Eu centre. The oxy-anions acetate, citrate and lactate give rise to near-identical limiting fingerprint Eu emission spectra, suggesting a common coordination mode, with cooperative carboxylate oxygen binding and not the five-ring chelate formation (involving the OH group and one carboxylate oxygen) that is often observed for lactate and citrate in less sterically demanding systems and has been characterised by NMR and crystallographic methods. 26, 27 The only situation in which zinc and citrate ion concentrations are to be found in the millimolar range is to be found in seminal or prostatic fluid samples, where the zinc concentration is typically of the order of 2 to 7 mM and citrate levels vary between 20 and 100 mM. 28 In diseased men with severe prostatitis or prostate cancer, these levels are reduced by a factor of three or more. This fall in citrate levels may reduce further where r and x refer to reference and unknown respectively; A is the absorbance at λ ex , which equals 332 nm here; E is the corrected integrated emission intensity; I is the corrected intensity of excitation light; η is the refractive index of solution.
1-t-Butoxycarbonyl-2-aminoethyl-4,7-bis((6-(ethoxy(methyl)phosphoryl)-4-((4-methoxyphenyl)ethynyl)pyridine-2-yl)methyl)-1,4,7-triazacyclononane
The di-ethyl methylphosphinate ester of L 1a (0.12 g, 0.14 mmol) and Nbutoxycarbonyl-2-bromoethylamine (0.03 g, 0.14 mmol) were dissolved in CH 3 CN (10 mL) and K 2 CO 3 (0.04 g, 0.28 mmol) was added. 
